Europaisehes Patentamt 
European Patent Office 
Office europden des brevets 




@ Publication number: 0 430 887 A2 



EUROPEAN PATENT APPUCATION 



@ Application numb^: 908109D9.3 
@ Date of filing : 22.11.90 



@ int ci.^: C07D 305/06, C07C 317/18, 
C08G 65/00 



@ Priority: 30.11.89 US 444073 

@ Date of publication of application : 
05.06.91 Bulletin 91/23 



@ Designated Contracting States : 

AT BE CH DE DK ES FR GB GR IT LI NL SE 



(g) Applicant ; Cf BArGEIGY AG 
iGybectetrasse 141 
CH-4002 Basel (CH) 



(§) Inventor : F^k, Robert A., Dr. 
35 Glenslde Drive 
New City, NY 10956 (US) 
Inventor : Jacobson, Michael, Dr. 
385 Orchard Place 
Haworth, NJ 07641 (US) 
Inventor: Clark, Kirtland P., Dr. 
10 Allan Way 
Betiiel, CT 06801 (US) 



(g) Heteroatom containing 3,3-bls perfluoroalkyi oxetanes and polyethers therefrom. 



(g) Heteroaton) containing perfluoroalkyi terminated oxetanes of the formula 



CD 



{Rj-E-Xi-CH2)2C: O 



CHg CHg 



>^ or (ID (Rf-X2-CH2)2C^ 

CH2 

are prepared firom 3.d-dthalogenated oxetanes and thiols of the formula RpE-SH, amines of the formula 
RrE-NH-Rt alcohols of the fdnmula RpE-OH or perfluoro-amides, wherein Rf is a straight chain 
perfluoroalkyi of 1 to 18 carbon atoms. 

The reaction products of these fluorinated oxetanes with nucleophiles are disclosed, as are certain 
functional derivatives. These products may serve as intermediates or have utHtty in their own right 
Fluorinated polyethers derived therefrom are disclosed and include random or block compositions 
containing the residue from at feast one Rf oxetane, containing two perfluoroalkyi hetero groups.e 
(ucontaining two perfluoroalkyi hetero groups. 

These polyethets provkle improved thenmai stability and useful low surface eneigy oil and water 
repellent coatings for t^les, glass, paper, leather and other materials. 
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HETEROATOM CONTAINING 3,3-818 PERFLUOROALKYL OXETANES AND POLYETHERS 

THEREFROM 



BACKGROUND OF THE INVENTION 

This invention relates to hetero group containing perfluoroalkyl terminated oxetanes, their reaction products 
with nudeophiles, related halogenated derivatives, and derived poiyethers. Their primary use is to Impart oil 

5 and water repellency to textiles, glass, paper, leather, and other compositions. 

Oxetanes connected by sulfur atoms to bis-perfluoroaikyl substituents have not been reported. Oxetanes 
connected by oxygen atoms to branched perfluoroalkyl groups or to fluoroalkyi groups with teiminai hydrogen 
atoms have been described by C. Krespan in J. Org. Chem. 43, 4 (1 978), Ger, Offen. 2,109.966 and 2.1 16.105, 
and by Vakhlamova. L in C.A. 89 : 1 10440p and 85 : 62609w. 

10 However, fluoroalkyi compounds which are terminally branched or contain o-hydrogen atoms do not exhibit 

efficient oil repellency. Perfluoroalkyl compounds which are connected directly via hetero-atoms without 
alkylene spacers are not suffidentiy flexible as pendant groups. Perfluoroalkylmethylene-hetero groups, other 
than trifluoroethylene, are expensive to prepare. Consequently, such fluoroalkyi oxetanes are not practica! 
intennediates from which to obtain useful products. Additionally, other perHuoroall^l compounds containing 

15 heteroaromatic connecting groups or mono^uoroalkyl oxetanes containing oxygen have been reported e.g. J. 
Org. Chem. 45, 3930 (1980). These compounds are not useful for purposes of this invention. 

The subject perfluoroalkyl oxetanes are readily isolated in high yield and punty. Since the subject oxetanes 
are connected to the linear, pendant perfluoroalkyl chains by flexible hetero groups, more mobile perfluoroalkyl 
functions are provided, which exhibit optimal oil repellency. 

20 Bis-perfluoroalkyI oxetanes, polymeric derivatives thereof, and their reaction products with nudeophiles 

are useful because they possess a low free surface energy which provides oil and water repellency to a wide 
variety of substrates. Oxetanes containing a single Rf-function, multiple Rrfunctions with terminal hydrogen 
atoms, or branched perfluoroall^l groups are known, but do not provide these properties to the same extent 
The subject oxetanes may be prepared In high yield and purity in contrast to prior art materials. 

25 

DETAILED DISCLOSURE 

This invention relates to 3,3-bls-perfluoroalkyl substituted Rroxetanes, their derived poiyethers, a 
heteroatom containing Rpneopentyl compounds and the methods of making these compounds. 
30 Another aspect of this invention relates to a substrate containing 0.1 to 1 0% by weight of a fluorine-contai- 
ning polyether composition, at least part of said fluorine being provided by one or more units derived from the 
heteroatom containing Rpneopentyl oxetane, to become oil and water repellent 

The novel heteroatom containing Rrneopentyl oxetanes have the general formulae 

35 

CH2 v>^^2 

(D (R,-E-XrCH2)2C:^ or (11) (Rf -Xz-CHajaC^ "^O 

CH2 CHg 

40 

Wherein Rf is a straight chain perfluoroalkyl of 1 to 18 carbon atoms, E is branched or straight chain alkylene 
of 2 to 1 0 carbon atoms, or said alkylene interrupted by one to three groups selected from the group consisting 
of — NR— , — O — , — S — , — SO2— , — COO—, — OOC— , — CONR— , — NRCO— , — SO2NR— , and 
— rs|RS02 — , or terminated at the Rf end with — CONR^or — SO2NR — ^ where Rf is attached to the carbon or 
45 sulfur atom, or RrE is trifluoroethyl, Xi is — S— . — O— , — SO2— , or — NR— , X2 Is —CONR—, — SO2NR— , 
where Rf is attached to the carbon or sulfur atom, or Xi and X2 are a direct bond and where R is independently 
hydrogen, alkyi of 1 to 6 carbon atoms or hydroxyalkyi of 2 to 6 carbon atoms. 

Further, the 3,3-substituents need not be identical, though identical groups are preferred. 

It is understood that the Rf group usually represents a mixture of linear perfluoroalkyl moieties. When the 
50 Rf group is identified as having a certain number of carbon atoms, the said Rf group also usually concomitantly 
contains a small fraction of perfluoroalkyl groups with a lower number of carbon atoms and a small fraction of 
perfluorcall^ groups with a higher number of carbon atoms. 

Preferably the instant compounds of formula I are those where Rf is a straight chain perfluoroalkyl of 2 to 
12 carbon atoms, E is alkylene of 2 to 6 carbon atoms. 
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— CONHCH2CH2— . — CH2CH2N(CH3)CH2CH2— , — CH2CH2SO2NHCH2CH2— , — CH2CH2OCH2CH2, or 
— SO2NHCH2CH2 — , and X1 is — S — , — SO2 — or — O— . A preferred embodiment is where Rf is a mixture of 
CiFa, CsFia, CsFtj and C10F21. 

IMost prefenred are compounds of fomfiula 

(f^-C2H4-SCH2)2C 

wherein Rf is perfluoroalkyl of 6 to 12 carbon atoms. 

Another group of imst prefaned compounds is of fbimula 

(R,-C2H4-OCH2)2C 

wheiein Rf is.peifiuoroallcyl of 6 to 1 2 carlran atoms. 
Other preferred compounds are of the fonnulae 

{C6F^aCH2CH2SCH2)2C^ , {C8F,7CH2CH2SCH2)2C^ 



CH2 CH^ 
{C7F,5CONHCH2CI^SCH2)2C^ \) ^ (CeF„CHzOi^^O:fiH2):fi^ \> 



or 



(CFaCH20CH2)2C 

CH2 



Another group of preferred compounds is of formula 



(RCHjCHgSCH^aC \) 
CHg 

Wherein Rf is a mixture of C^Fa. CeFis, CgFiy and CioF2i» of formula 

CH2 

(P^S02N(C2H5)CH2)2C 

CH2 

wherein Rf is a mixture of C^Fd, CeF^s, Csf\7 and C10F21. or of fonmula 
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(R^CH2CH20CH2)2C 



wherein Rf is a mixture of C4F9, CsFia, C^fij and C-joFzi- 

The synthesis of Rf-oxetanes proceeds by the nucelophilic substitution of a perfluoroalkyl substituted thiol, 
amine, alcohol or sulfonamide for halide. The novel Rroxetanes can be obtained directly by the reaction of a 
perflucroalkyl thiol of formula RrE-SH, perfluoroalkyl amine of fonrnula RrE-N(R)2. perfluoroalkanol of fonmula 
RrE-OH, or a perfluoroalkylsutfonamide of fonmula RrSOaNHR with a bis-haloalky! oxetane of tbimula 



CH2 

(YCH2)2C 

CH2 



wherein R is independently hydrogen, alkyi of 1 to 6 carbon atoms or hydroxyall^ of 2 to 6 carbon atoms and 
Y is CI, Br, or 1. 

20 In one preferred embodiment, the starting material is bis-bromomethyl oxetane and has the formula 

CH2 
(BfCH2)2C^ 

25 ^*^2 

This intermediate is commercially available in high purity. Dichloro and diiodo neopentyl oxetanes have 
also been reported. 

The reaction is preferably conducted in an aqueous system using phase transfer catalysis for the thiolate 
30 and amide. An alternate process, in anhydrous media, is best for the alcohol and involves the combination of: 

a. an aprobc solvent, such as N-methylpyrrolidone, N,N-dimethylformamide, dimethyl sulfoxide, or the 
like, or ketones, such as acetone, methyl alky! ketones, or dialkyi ketones ; 

b. moderate reaction temperature, in the order of 50 to about 120**C ; and 

c. a stoichiometric quantity of an anhydrous alkaline earth carbonate, preferably potassium carbonate, 
35 in the ratio of 1 mole of carbonate per mole of halide to be displaced. 

With certain amines, tertiary amine catalysis is useful, as exemplified by triethylamine, tributyJamine, 
dimethylaminopyridine, or piperidine. With alcohols or sulfonamides. Crown ether catalysis is useful as 
exemplified by 12-Crown-4, 15-Crown-5, and 18-Crown-6. 

The reaction temperature and choice of solvent are mutually dependent A reaction temperature in the 
40 range of 50-140°C is one wherein the formation of undesirable by-products is minimized and the reaction 
products are stable. Conditions are adjusted in order to achieve a reasonable rate of reaction at the chosen 
temperature. 

In the synthesis of the RfOxetanes, by-products may be present When the starting thiol is RfCH2CH2SH 
and bis-bromomethyl oxetane is used, the by-products include 



R.CH2CHPSCH2 ^CH2 
BrHgC ^CH2 



Such an intermediate is consistent with the general reaction conditions. It should be noted that the ready 
oxidation of thiols to disulfides requires that the chemistry be conducted in an inert atmosphere. 

Th subject oxetanes can also be obtained by first reacting the bromo-oxetane intermediates witti a 
55 functional thiol or amine, Le. HSCH2CH = CH2.HSCH2COOH or NH2CH2CH = CH2. Th resultant sulfide or 
amide can then be reacted with the Rf-containing moiety by a suitable chemistry which does not Involve the 
pendant oxetane. Th reactant may be R|!, R^H2CH2l» R(CH2CH20H or a similar monofunctional Rf-reactant 
If iodine atoms are Introduced they may be removed by reductj n, dehydrohalogenation, or coupling. 
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For example 



10 



15 



20 



CHo 

(ICH2)2C ^ o +2 CH2 - CH -CH2SH 



(CH^CHCH2SCH2)2C + aRiCHgCHaSH 

CH2 

^ CH2 
(F^CH2CH2SCH2CH2CH2SCH2)2C 

CH2 



The subject sulfido-oxetanes can be readily oxidized to the corresponding bis-sulfone cxetanes by 
peracetic acid (H202^acetic acid) or by other conventional oxidants. With peracetic acid, temperatures of 30- 
100*^C are appropriate depending on the amount of excess oxidizing agent to ensure that the intermediate 
sulfoxides are completely oxidized. 

25 Perfluoroalkyl thiols useful herein are well documented in the prior art For example, thiols of the fomnula 

RrE-SH have been described in a number of U.S. Patent Nos. including 3,655,732 and 4,584,143. 

ThuSt U.S. Patent No. 3,655,732 discloses mercaptans of Ibmuila RpE-SH wherein E is alkylene of 1 to 
16 carbon atoms and Rf is perfluoroalkyl, and teaches that halides of fomnula RrE-Halide are well known ; 
reaction of Rfl with ethylene under free-radical conditions gives R|(CH2CH2}I while reaction of RfCHal with 

30 ethylene gives RfCHaCCHgCHa)! as is further taught in U.S. Patent Nos., 3.088,849, 2,965,659 and 2,972,838. 
. U.S. Patent No. 3,655,732 further discloses compounds of fomiula FV^^'-Y-R^-SH wherein 
R'and R" are alkylene of 1 to 1 6 carbon atoms, with the sum of the carbon atoms of R' and R" being no greater 
than 25 ; Rf is perfluoroall^ of 4 through 14 carbon atoms and Y is -S- or -NR^- where R*** is hydrogen or alkyi 
of 1 through 4 carbon atoms. 

35 U.S. Pat No. 3.544,663 teaches that the mercaptan RfCH2CH2SH where Rf is perfluoroalkyl of 5 to 13 

cart>on atoms, can be prepared by reacting the perfiuoroaikyl alkylene iodide with thiourea or by adding H2S 
to a perfluoroalkyl substituted Xylene (RrCH = CH2), which in turn can be prepared by dehydrohalogenation 
of the RrCHzCHz-hallde. 

The reacKon of the iodide RrE-l with thiourea followed by hydrolysis to obtain the mercaptan RrE-^H is 
40 the preferred synthetic route. The reaction Is applicable to both linear and branched chain iodides. 

Partlculariy preferred herein are the thiols of fonmula RfCH2CH2SH wherein Rf is perfluoroalkyl of 6 to 12 
carbon atoms. These Rrthids can be prepared from RfCH2CH2l and thkujrea in a very high yield. 

Perfiuoroalkylamines useful herein are well documented in the prior art For example, C6F13CH2CH2NH2 
has been described in Japan Kokai 77/1 18,408. RfCH2NH2 wherein Rf is CF3 through CF^(Cf^i^ are described 
45 in British Patent No. 717,232 (1954). 

Further Rf(S02NRCH2NR(CH2)3NH2 and R|CH2CH2S02NHCH2N{R)2 are described in G.B. 1,106,641 and 
U.S. 3,838,165 respectively ; RfCONHCHsNHz in Jap. Kokai 52/14767. 

Perfluoroalkanols useful herein are wefi documented in the prior art, and many are commerciaily available. 
They have the general fomiuia Rr£*OH and include the following : 
50 C8Fi7SO2N(C2H5)C2H40H. C8F17C2H4OH, C7Fi5CON(C2H5)C2H40H, 

C8F17C2H4SC2H4OH, C8F,7C2H4S02N{CH3)C4H80H and 
C8F17CH2CH2SO2NHCH2CH2OH. 

Perfluoroafkylsuff namides useful herein are well documented in the prior art such as in U.S. 2,915,554 
and include compounds of the general structure RrS02NHR. such as C8Fi7S02N(C2H5)OH, C8Fi7S02N(CH3)H. 
55 C8Fi7S02N{i-C3H7)H. CnoF2iS02N(C2H5)H and C10F21SO2NH2 

The oxetanes can be used directly or indirectly by reaction with nudeophiles to make a variety of products. 
Such nudeophiles as hallde ions, thiourea, alcohols and thiols can be used as described in Heterocyclic 
Compounds by Weissberger, Vol. 19 (II), under Oxetanes by S. Searies, Jr. 
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Th instant invention also relates to novel linear polyethers which are derived from the aforementioned 
oxetanes having recum'ng structural units of the fomiulae 

— (CH2-C - CHgO)— 

I I 

aa) X X and (Ha) 

E E 

I I 

wherein Rr is a straight chain perfluoroalkyl of 1 to 18 carbon atoms, E is branched or straight chain allcylene 
of 2 to 10 carbon atoms, or said allcylene intenrupted by one to three groups selected from the group consisting 
of — NR— , — O-^, — S— , _S02— , —COO—, — OOC— , — CONR— , — NRCO— , — SO2NR— , and 
— NRSO2— , or terminated at the Rf end with — CONR— or — SO2NR— , where Rf is attached to the carbon or 
sulfur atom, or IVE is trifiuoroethyl. or for formula la, X is — S— , — O— , — SO2— , or — NR— , and for formula 
lla, X is — CONR—, — SO2NR— , or a direct bond where Rf is attached to the carbon or sulfur atom, and where 
R is independency hydrogen, allQ^I of 1 to 6 carbon atoms or hydroxyalkyi of 2 to 8 carbon atoms. 

In one embodiment, the polyethers are homopolymers, in another they are block polymers and contain 1- 
90% of a fiuorochemical block connected to 99-10% by weight of a non-fluorochemical block. 

Polyethers derived from non-fluorinated oxetanes are well known and are also described by Searies in the 
previous citation. The polymer of 3,3-bis(ch!oromethyl) oxetane was known commercially as "Penton" and has 
good electrical molding, dimensional stability and solubility properties. It is no longer manufactured. 

The derived polyethers of the present invention are generally prepared from the corresponding oxetane 
monomer by cationic polymerization, most typically with a powerful electrophllic agent such as boron trifluoride 
or its etherate. Polymerization occurs rapidly and exothennically and is generally conducted in solution. A co- 
catalyst of water appears necessary and high molecular weight polymers can be obtained. 

Numerous 3,3-disubstituted oxetanes have been reported, including several highly branched perfluoroalkyl 
derivatives, and several have been polymerized. 

Polyethers derived from the instant linear 3,3-bis-perfluoroalkyl oxetanes can also be copofymerized with 
tetrahydrofuran and block copolymers prepared by the method taught by S.V. Conjeevaram, et al. in J. Polymer 
Sci., 23,429-444 (1 985). 

The polyethers of the present invention have extremely low free surface energies and thereforB, possess 
oil and waterrepellent properties, as well as mold release and other properties associated with low free surface 
energy. It should be noted that the compounds of this invention are characterized by the presence of two 
perfluoroalkylhetero groups, in close proximity, a characteristic which provides improved oil and waterrepellent 

The instant invention also relates to novel heteroatom containing Rf-neopentyl compounds of the formulae 

^CHg-T^ ^ CHg-T^ 

(in) (Rf-E.XCH2)2C ^ oj. (IV) {Rf.X^H2)2C 



wherein Rf is a straight chain perfluoroalkyl of 1 to 18 carbon atoms, E is branched or straight chain alkyi ne 
of 2 to 1 0 carbon atoms, or said alkylene intenrupted by one to thre groups selected from the group consisting 
of — NR— , — O— . — S— , — SO2— ^ _coO— . —OOC—. -<XDNR— , —NRCO—, — SO2NR— . and 
— NRSO2 — , ortemiinated at the Rf end with — CON 1^ or — SO2NR— , where R, is attached to the carbon or 
sulfur atom, RrE is trffluoroethi^, and forformula III, X is — S— , — O— , — Spz— , or — NR— , or for formula rv, 
X is — CONR—, — SO2NR— , or a direct bond where Rf is attached to the carbon or sulfur atom, and where R 
is independently hydrogen, alkyI of 1 to 6 carbon atoms or hydroxyalkyi of 2 to 6 carbon atoms, and 
Ti and T2 are independently chloro, bromo, or iodo, or where on of Tt and T2 is hydroxyl, alkanoyioxy of 2 to 
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18 carbon atoms, alkenoyioxy of 2 to 18 carbon atoms or benzoyioxy, and the other of and T2 is defmed 
above. 

When one of Ti and T2 is afkanoyfoxy, said group is for example acetoxy, propionyloxy, butyryloxy. 
caproyloxy, capryioyloxy, nonanoyloxy, lauroyloxy or octadecanoyloxy. 
s When one of Ti and T2 is alkenoyioxy, said group is for example acryloyloxy, methacryloyloxy or oleoyloxy. 

Preferably one of and T2 is hydroxy! and the other of Ti and T2 is chloro, bromo, or iodo. 

In another preferred embodiment, both of Tt and T2 are chloro, bromo or Ibdo, most preferably bramo. 

ft is understood that the Rf group usually represents a mbcture of linear perfluoroalkyt moieties. When the 
Rf group is Identified as having a certain number of carbon atoms, the said Rf group also usually concomitantly 
10 contains a small fraction of perfluoroalkyi groups with a lower number of carbon atoms and a small fraction of 
perfluoroalkyi groups with a higher number of carbon atoms. 

Preferably the instant compounds of formula III are those wherein Rf is perfluoroalkyi of 2 to 12 carbon 
atoms, E is alkylene of 2 to 6 carbon atoms, — CONHCH2CH2— ,— CH2CH2N(CH3)CH2CH2— . 
— CH2CH2S02NHCH2CH2— .CH2CH2OCH2CH2— . or-^02NHCH2CH2— . and X is— S— SO2— or— O— . 
15 A prefened embodiment is where Rf is a mixture of C4F9, CqF^^, C3F17 and Ctop2i- 

Most prefeired are those compounds of formula III wherein Rf is perfluoroalkyi of 8 to 12 carbon atoms, E 
is ethylene, and X is S. 

In another group of most prefenred compounds Rf is perfluoroalkyi of 6 to 12 carbon atoms, £ is ethylene, 
and X is 0. 

20 Examples for most preferred compounds are 2,2-bis(1,1,2,2-tetrahydroperfluorodecylthiomethyl)-3-iodo- 

1-propanol, 2,2-bis(1,1^,2-tetrahydroperfluorodecylthiomethyl)-3-chloro-1-propanol, 2,2-bis(1,1,2,2-tetrahy-' 
droperfiuorodecy!thiomethyl)-3-bromo-1-propanol, 

2,2-bis(1 ,1,2,2-tetrahydropeifiuorooctylthiomethyt)-3-bromo-1*propanoI, or 2,2-bis(1 ,1 ,2,2-tBtrahydroperfiuo- 
rodecylthlomethyl)-1 ,3-dibromopropane. 
25 Furthermore, if the compounds of the present invention contain two perfluoroalkylthio groups, these groups 

are connected via a neopentyl moiety which does not permit the thermal elimination of mercaptan by 3>enmi- 
nation. Hence, these Rroxetanes and their derivatives with various nucleophillc species have enhanced 
thermal stability. It should be noted that the reaction of oxetanes and HCi, HBr, or HI yields halohydrins. 
The alcohol function of these halohydrins can be halogenated to form dihalo compounds. Other chemistries 
30 normally exhibited by alcohols can be accomplished, such as esterification, eta 

The halohydrins or dOialo derivatives can also be raacted with mercapto-aclds to yield bis-perfiuoroalkyi 
cartxsxytates useful as paper sizes. 

Using the Rf-compounds and polyethers described herein, it is possible to manufacture molds that display 
excellent release properties. It Is also possible to prepare polymeric compositions with enhanced thermal 
35 stability. 

Treatment of a textile with a fluorine*containing composition, notably a bis-perfluoroalkyi containing 
polymer, provides outstanding oil and water-repelient characteristics thereto. 
The invention described above is illustrated by the following examples : 
Examples 1 to 6 illustrate the preparation of the Rf-oxetanes. 
40 Examples 7 to 1 1 demonstrate the wide diversity of nucleophillc reaction products and related 

compounds that can readily be prepared from the subject oxetanes. 

Example 12 demonstrates the formation of a polyether derived from an oxetane and its excellent oil/wa- 
ter repellency. 

Examples 13-20 show tiie preparation of additional Rrsubstituted oxetanes. 

45 

Example 1 : 3,3'Bis(1,1,2.2-tetiahydroperfiuorQdecylthiomethyl)oxetane 

CH2 

3,3-Bis(bromomethyI}oxetane (15,0 g, 0.061 moi) is charged to a three neck-flask with 1,1,2,2-'tetrahydro- 
perfluorodode^ mercaptan (62.3 g, 0.13 mol). Toluene (90.0 g), distilled water (60.0 g) and sodium hydroxide 
55 (20.0 g, 50%) are added and the mixture Is stirred under nitrogen- Tricaprylylmethylammonium chloride, a 
phase transfer catalyst, (0.5 g) is then added with stirring and the reaction mixture is heat d to 96**C under reflux 
for 2.5 hours. The toluene layer containing the product is separated hot from the lower alkaline layer by a 
sepaiatory funnel and cooled to precipitate the product. The product is filtered, washed three times with cold 
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10 



IS 



30 



toluene and dried under vacuum to yield an off-white solid, m.p, 82-83*'C, 97% purity by GLC. NMR shows 
proton resonances at 2,42 ppm, 4 protons, (2 x CH2CH2S) ; 2.82 ppm, 4 protons, (2x CH2CH2S) ; 3.09 ppm, 
4 protons, (2 x CH2CH2SCH^ ; 4.56 ppm, 4 protons, (2 x CH20CH2)- 
Analysis for C25H16F34S2O : 

Calcurated : C : 28.8% ; H : 1.5%, F : 62,0%. S : 6.2%. 
Found : C : 28.6% ; H : 1.3%, F : 61.7%, S : 6.6%. 

Example 2 : 3,3*Bis(1,1,2.2-tetrahydroperfluoro-oc^lthiomethyi)oxetane 

CHo 

(C6Fi3CH2CH2SCH2)2C^ 

CH2 



3,3-Bis(bromomethyi)oxetane (15,0 g, 0.06 mol) is charged to a three neck-flask with 1,1,2,2-tetrahydro- 
perfluoro-octylmercaptan (51.08 g, 0.134 mol). Toluene (90.0 g). distilled water (60.0 g) and sodium hydroxide 
(20.0 g, 50%) are added, and the mixture is stirred under nitrogen. Tricaprylyimethylammonium chloride, a 
phase transfer catalyst, (0.5 g) is then added with stirring and the reaction mixture is heated to 95^*0 under reflux 
20 for 1 .5 hours. The toluene layer containing the product is separated from the lower alkaline layer and then cooled 
to precipitate the product The product is filtered cold, washed three times with cold toluene and dried under 
vacuum to yield an off-white solid, m.p. 45.5-46'*C, 99.5% purity by GLC. NMR shows proton resonances at 
2.42 ppm, 4 protons, (2 x CH2CH2S} ; 2.82 ppm, 4 protons, (2 x CH2CH2S) ; 3.09 ppm, 4 protons, (2 x 
CH2CH2SCH2) ; 4.45 ppm, 4 protons, (2 x CHzOChy. 
25 Analysis for C2iHt6F2BS20 : 

Calculated : C : 30.0% ; H : 1.9%, F : 58.6%, S : 7.6%. 

Found : C : 29.8% ; H : 1.8%, F : 58.6%, S : 8.2%. 



Example 3 : 3,3-Bis(1,1.2,2"tetrahydrQperfiuorodecyloxymethyi)oxetane 



(C8F,7CH2CH20CH2)aC 

CH2 



1,1,2,2-Tetrahydroperfiuorooctanol (10.9 g, 0.03 mol), 3,3-(bromomethyl)oxetane (3.9 g, 0.016 mol), 
potassium hydroxide (1.7 g, 0.03 mol) and 15 g of diethylene glycol dimethyiether are reacted in presence of 
approximately 1.0 g of 18 Crown-6 In a 50 ml flask wdlmethylether are reacted in presence of approximately 

40 1.0 g of 18 Crown-6 in a 50 ml flask with gentle stin-ing for 72 hours at room temperature. Analysis by gas 
chromatography indicates that the solution contains 36% monoadduct and 64% diadduct. 2.5 g of solids are 
filtered off and CG/MS identificatk)n confinns the presence of the desired 3,3-(1,1,2,2-tetrahydroperfIuoro-oc- 
tyloxy)oxetane and 3-(1,1,2,2-tetra-hydroperfluoro-octyloxy)-3-bromo-oxetane. 

Identification is made by GC/MS (E.l. Mode) after derivatization with N,0-bis-(trimethyfsiIyl)-trifluoroaceta' 

45 mide. Two major components are observed :. (trimethyIyl)-trifluoroacetamide. Two major components are 
observed : 

Diadduct: MS: m/z 810 absent, 780 (M-CH2O), 417 b.p., (M-CeFigCHaCHjO), 404 (M- 
C6F13CH2CH2OCH+2). MS (CI) 811(M+1)+ 

Monoadduct: MS : mlz 526 absent, 447 (M-Br). 417 b.p.. (M-CHsOBr). MS (CI) 527 (M+1)+ 



50 



Example 4 : 3,3*Bis (1,1,2,2-tetrahydroperfluorodecyloxymethyi)oxetane 



^ (C„F2,CH2CH20CH2)2C 

CH2 

In a sindar fashion to Example 3, 1,1^2-tetrahydroperfluarododecanol is r acted at lOOoCf r2-3 hours 

8 
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to give a mixture of monoadduct-40% and diadduct-60%. 
Example 5 : 3,3'Bis(N-ethylperfluoro-octanesulfonafnidomethyl)oxetane 

CH. 

(CaF^7S02N(C2H5)CH2)2C 

CH2 

10 A mixture of N-ethylperfluoro-octanesulfonamide (20.0 g, 0.047mol), 867% potassium fiydroxide (3.0 g, 

0.047 mol), dlethylene glycol dimethyl ether (60.0 g) and 18-Crown-6-ether(0.1 g) is lieated under nitrogen at 
10O-105^Cfor30 minutes. The 3,3-bis-(bromomethy()-oxetane (5.7 g, 0.0236 moi), is then added, and the entire 
reaction mass is heated at 1 0O'^C for 13 hours. The salts are removed by filtration, and the solvent is removed 
at 80^0 under vacuum. NMR shows the presence of the expected product 



IS 



Example 6 : 3,3-Bis(1>1,2,2-tetrahydroperfluorodecyloxymethyl)-oxetane 



20 (CgF^yCHgCHaSOgCHajgC 

CH2 

3,3-Bis(1,1,2,2-tetrahydroperf!uorodecyithiomethyl) (15.0 g, 0.014 mol) is dissolved in glacial acetic acid 
25 (44.27 g, 0.737 mol) and warmed to 40°C. Hydrogen peroxide (4.0 g, 30%) ts added, and the mixture is stirred 
for 1 hour. The reaction mixture is then heated to 100°C, and additional hydrogen peroxide (11.0 g, 30%) is 
added. The mixture is stirred for 2.5 hours under reflux. The product, a white precipitate, is filtered, washed 
with ethanol and dried under vacuum, (13.85 g, 90% of theory) 93% purity by 6LC. The product is recrystadized 
from isopropyl acetate two times and dreied under vacuum to yield a white solid (8.59 g, 56% of theory), m.p. 
30 162-4*»C, 98% purity by GLC. NMR shows proton resonances at 2.90 ppm, complex, 4 protons (2 x C8F17CH2); 
3.65 ppm triplet 4 protons, (2 x C8F17CH2CH2) I 4.25 ppm, singlet, 4 protons, (2 x CH2SO2CH2) ; 4. 80 ppm, 
singlet, 4 protons, (oxetane ring). 
Analysis for C25HieF3405S2 : 

Calculated : C : 27.1% ; H : 1.5%. F : 58.4%, S : 5.8%. 
35 Found : C : 26.8% ; H : 1,4%, F : 58.4%, S ; 5,6%. 

Example 7 : 2,2-Bis(1.1.2.2" tetrahydroperfiuorodecylthlomethyl)-3Hodo-1-propanol 

40 /CH2OH 

45 3,3-Bis(1,1,2,2-tetrahydroperfluorodecylthiomethyl)oxetane (2.0 g, 0.010 mol) is dissolved in tert-butyl 

alcohol (4.0 g, 0.054 mol). Hydriciodic acid (1.0 g. 57%. 0.0045 mol) is added to the mbcture, which is then 
heated to 60*C for 10 minutes. The product is precipitated from H2O and then vacuum filtered. The product 
(1.65 g, 71% of theory) is a yellow solid, 92% purity by GLC. For analytical purposes, the crude product is 
crystallized from heptane, which yields a white solid (1 .30 g, 56% of theory), m.p. 58-60**C, 98% purity by GLC. 

so NMR shows proton resonances at 2.43 ppm, complex, 4 protons, (2 x CsFijCHa) ; 2.72 ppm, singiet, 4 protons, 
(2 xSChy » 2.85 ppm, triplet, 4 protons, (2 x CHX2S) ; 3.55 ppm, singlet, 2 protons, (CH2I) ; 3.66 ppm, singlet, 
2 protons, (CH2OH). OH is not observed. 
Analysis for C25H17F34IOS2 : 
Calculated : C : 25.7% ; H : 1J5%, F : 55.2%. 

55 Found : C : 26.4% ; H : 1.4%. F : 54.8%. 

Example 8 : 2,2-Sis(1.1,2,2- tetrahydropeifluorodecylthiomethyl)-3-chloro-'1-pfopanol 
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y CHgOH 

(CgF 1 yCH2CH2SC H 2) 2^ 

CHoCl 

5 

3,3-Bis (1,1,2,2-tetrahydroperfluorodecylthiomethyl)oxetane (1.0 g, 0.001 mol) is dissolved m tert-butyl 
alcohol (2.0 g, 0.054 mol). Hydrochloric acid (1.2 g, 37.7%, 0.011 mo!) is added to the mixture, which is then 
heated to GO^'C for 10 minutes. The product is precipitated from H2O (15 g), vacuum filtered and dried in a 
10 desiccator over drierite. This procedure yields an off-white solid (0.40 g, 37% of theory), m.p. 60-1 ^'C, 96% purity 
by GLC. NMR shows proton resonances at 2.4 ppm, complex, 4 protons, (2 x CsF^yClhy ^ 2.7 ppm, singlet, 4 
protons. (2 x CH2S) ; 2.85 ppm, triplet, 4 protons, (2 x SCH2) ; 3.65 ppm, singlet, 4 protons, (CH2CI and CH2OH). 
OH is not observed. 

Analysis for C2SH17F34OS2 : 
f5 Calculated : C : 27.8% ; H : 1.8%, F : 59.9%. 

Found : C : 27.6% ; H : 1.3%, F : 69.5%. 

Example 9 : 2,2*Bia(1,1 A2-tetrahydroperfiuorodecylthiomethyl>'3-bromo-1-propanol 

20 

^ CHgBr 
(CeFi7CH2CH2SCH2)2C 

^CH20H 

25 

2,2-Bis(1,1,2,2-tetrahydroperfluorodecylthiomethyl)oxetane (7.0 g, 0.0067 mol) is charged to a three-neck 
flask with hydrobromic acid (48%, 2,5 g, 0.01 5 mol) and toluene (20.0 g). The reaction is heated at 1 00**C under 
nitrogen with stirring for 2 hours. The water/toluene azeotrope is then removed to IIO^C. The toluene 
concentrate is then cooled and the product precipitates. The product is filtered, washed three times with cold 
30 toluene and dried under vacuum to yield a white solid. m.p. 63-64*'C, 98% purity by GLC. NMR shows proton 
resonances at 1.70 ppm. 1 protons, (-OH) ; 2.25-2.60 ppm, 4 protons, (2 x RfChy ; 2.7-2.9 ppm, 8 protons, (2 
x CHz-S-CHj) ; 3.53 ppm, 2 protons, (CH2Br) ; 3.67 ppm, 2 protons, (CH2OH). 

Analysis for C25Hi7F34BrOS2 : 

Calculated ; C : 26.7% ; H : 1.5%, Br : 7.1%, F : 57.6%, S : 5.7%. 
35 Found : C : 26.4% ; H : 1.4%. Br : 7.3% F : 55.9%, S : 6.1%. 

Example 10 : 2,2-Bis(1.1,2.2>tetrahydrQperfluorodecylthiomethyl)-3-bromo-1-propanoi 



40 ^ CH2Br 

(CgF^gCHgCHgSCHglgC 

CHgOH 

45 3,3-Bis(1 ,1 ,2,2-tetrahydroperfiuorodecylthiomethyl)oxetane (7.0 g, 0.0083 mol) is charged to a three-neck 

flask witii hydrobromic acid (48%, 3,1 g, 0.018 moi) and toluene (20.0 g). The reaction is heated at 100**C under 
nitrogen with stinring for 4 tiours. The water/toluene azeotrope is then removed at IIO'^C. The solvent Is then 
removed under vacuum to yield a thick brovi*n liquid which is 99% pure by GLC. NMRshows proton resonances 
at 1.80 ppm, 1 protons, (-OH) ; Z2-26 ppm, 4 protons, (2 x YKfMi^ ; Z7-2.9 ppm, 8 protons, (2 x CH2-SCH2); 

50 3.53 ppm, 2 protons, (CH2Br) ; 3.65 ppm, 2 protons, (CH2OH). 
Analysis for C2iHi70S2F26Br : 

Calculated : C : 27.3% ; H : 1.9%, Br : 8.7%. F : 53.5%. S : 7.0%. 
Found : C : 27.1% ; H : 1.7%, Br : 9.1%, F : 51.5%, S : 7.1%. 

55 Example 11 : 2,2>Bis(1,1,2,2-tetrahydroperfluorodecylthiomethyl)1,3-dibromoprQpane 

(C8Fi7CH2SCH2)2C(CH2Br)2 

2,2-Bis(l,1,2,2-tetrahydroperfluorod cylthiomethyl)-3-bromopropanol (10.0 g, 9 mmol) is charged to a 

10 
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three necked flask With phosphorous tribromide (4.3 1 6 mmoi). The reaction mixture is heated at 100*'C under 
nitrogen for 2 hours to give the desired product which is recrystallized Irom toluene. 

Identification is made by GC/MS (E.I. mode). 

MS : mte 1184 (m+) 1165 (m-f), 739 (b.p.), 493. 

5 

Example 12 : Pofy-{2,2-Bfs(1,1.2,2«tetrahydroperf?uorodecyith<omethyl)trimethylene ether] 

3,3-Bis(1,1,2,2-tetrahydroperfluorodecylthiomethyl)oxetane (10.0 g, 0.0096 mol) is dissolved in 
(rffluorotrlchloroethane and boron trifiuoride etherate (2.0 ml) is added as catalyst The reaction mixture is stirred 
10 at room temperature for 0.5 hr. The product, a white precipitate, is then vacuum filtered, washed two times with 
trifluorotrlchloroethane and dried under high vacuum, yielding a white solid (8.44 g). Several analyses confirm 
the presence of the desired polymer. 

Analysis for {C25Hi6F34S20)n : 

Calculated : C : 28.8% ; H : 1.6% ; S : 6.1%. 
IS Found ; C : 26.6% ; H : 1.6% ; S : 6.0%. 

The NMR spectra obtained by silylation experiments indicates a repeat unit n of 9-10. 

DSC scans of the polymer were run at 10°C/min. to 350**C, 100 ml N^/mln. in open aluminum pans with a 
DuPont 990 Thermal Analyzer and a DSC cell base. The scans indicate an endo^ermlc melting transition (Fx 
(extfapolated onset tamperature) = 116**C, Tpeak = 121^C), Irreversible decomposition transtffons 
20 (Tpeok - 140**C and 164^C) and a major in^versible decomposition transition (Tpaak 243^C). 

TGA scans were run at 10**C/min- to 550**C, 100 ml N2^min. using a DuPont 951 TGA module. The scans 
show a 22% weight loss from 150-305°C and a second weight loss of 73% from 305-450*0. A 1% residue 
remains at 450'>C. (A 4% weight loss before T = 150*^C is attributed to solvent loss). 

Using the Zisman technique, the critical surface tension of the polymer ycf is found to be 9.8 dyne/cm. This 
25 Indicates that the polymer is oil and water rspellant 

When a solution of said poiyether in hexafluoroxylene is used to treat a textile surface to deposit 0.1% by 
weight thereon, the texGle surfaces becomes oO and water repellent. 

Examples 13 to 19 : Using the methods described and by techniques similar to Examples 1-6, the following 
30 additional peifluoroalM substituted oxetanes are prepared. 
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Ex. Thiol 



13 CF3CF2CH2SH 



14 QiFi3(CH2)4SH 



15 CgFijCHjCHjSH 



Perfluoroalkvl TenninatedNeopentvl 
Oxetane 

CH, 
/ X 

(CFaCFgCHaSCH^aC 

CH2 

CH, 

(C6F,3(CH2)4S02CH2)2C 

CH2 

/CH2 

(C8F,7CH2CH2CH2SCH2)2C 

CH2 



16 C8Fn(CH2)2N(CH3)(CH2)3SH 



17 C8Fi7S02NHCH2C3l20H 



18 C8Fi7(CH2)2S02NH(CH2)2SH 



(C8Fi7(CH2)2N(CH3)(CH2)3SCH2)2C 

CHg 

CH, 

(C8F,7S02NHCH2CH20CH2)2C 

CH2 

CH2 

(C8Fi7{CH2)2S02NH(CH2)2SCH2)2C 

CH2 



19 C7F15CONHCH2CH2SH 



(C7F,5CONH(CH2)2SCH2)2C 

CH2 



Examples 20-27 : Using the methods described and by techniques similar to Examples 7-12, the following 
additional alcohols, dihalid^. esters and polymers are prepared. 
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Ex. Product 



^CHgOH 

20 (CF3CF2CH2SCH2)2C 

/CHgOH 

21 (C8Fi7S02NHCH2CH2SCHa>2C 



22 (C7FisCONHCH2CH2SCH2)2C 



25 



NjH2Br 

CHgBr 



/ 

23 (C8F,7CH2CH2S02NHC2H4SCH2)2C 



24 (C8Fi7CH2CH20CH2)2C 

^CH2l 



O 
II 

^CHa-C-O-CHg 
(CgF-j gCH2CH2SCH2)2^ 

CHgBr 



^CH202C(CH2)7CH3 



26 (C,oF2iCH2CH2S02CH2)2C 

CHgBr 

27 Poly[2,2-bis(l,1.2,2-tetrahydrotri- 

flupropropyloxymethyl)trimethylene ether]. 

Example 28 : 2,2-Bis-(1 ,1 ,2.24etrahydroperfluorodecyithiomethyl)»3-(2,3KlicarbQxy-1-thiopropyt)-1'pro 

^CH20H 

(C8F^7CH2CH2SCH2)2C 

I 

S-CH(C02H)CH2C02H 

The bromohydrin of Example 9 (17.4 g, 16.6 mmol), diethyl thiosuccinate (6.5 g, 31 mmof), potassium 
carbonat (4.3 g, 31 mmo!) and aceton (50 mi) are charged to a three-neck flask and heated at reflux ovemight 
Water is added and the mbdure extracted three times with methyl propyl ketone. The product is purified by silica 

13 
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Chromatography to yield a yellow oil which is 99% pure by GLC. 

The above diethyl ester (9.5 g, 7.6 mmol) is dissolved in 20 ml of diglyme and water (3 ml) in a single neck 
flask. Sodium hydroxide (1 .5 ml) of a 50% aqueous solution) Is added and the mixture allowed to stir overnight 
at room temperature. Water Is added, and the mixture extracted with methyl propyl ketone. The aqueous layer 
5 was acidified and extracted with methyl propyl ketone. The solvent is removed under vacuum and the resultant 
yellow oil is precipitated into water to produce a white solid. NMR shows proton resonances at 2.5 ppm (4 x 
R1CH2) ; 2.6-3.0 ppm (10 x SCHa ; 3.51 ppm (2 x CH2OH) ; 3.72 (1 x SCHCO2). 

Analysis for C29H22F34S3O5 - 

Calculated : C : 29.2% ; H : 1.8% ; F : 54.1% ; S : 8.1%. 
io Found : C : 28.9% ; H : 1.7% ; F : 53.9% ; S : 8.2%. 

Example 29 : 2,2-Bi5-(1,1 A2-tetrahydroperfluorodecylthiomethyl)-1,3«(2--carboxy-1-thiaethyl) propane 

(C8Fi7CH2CH2SCH2)2C(CH2SCH2C02H)2 
t5 The dibromlde from Example 11 (25 g. 21 mmol), ethyl 2-mercaptoacetate (5.1 g, 41 mmol), potassium 

carbonate (5.8 g, 42 mmol), and acetone (70 ml) is reacted and purified as described in Example 28. 
The resultant diester is saponified, acidified and precipitated Into water to yield a white powder. 

20 Claims 

1 . A compound of the formula 

25 ^ (R^-E.X,.CH2)2C O or (n) (Rf-X2-CH2)2C 

^CH2 CH2 

wherein Rf is a straight chain perfluoroalkyi of 1 to 1 8 carbon atoms, E is branched or straight chain alkyiene 
30 of 2 to 10 carbon atoms, or said alkyiene is interrupted by one to three groups selected from the group 

consisting of — NR—, — O— , — S— , — SO2— . —COO—. — OOC— , — CONR— . — NRCO— , — SO2NR— , 
^ and — NRSO2— , or terminated at the Rf end with — CONR — or — SO2NR— . where Rf is attached to the 

carbon or sulfur atom, or RpE is trifluoroethyl, Xi is — S — , — O — , — SOz — or — NR — ^ X2 is — CONR — , 

— SO2NR — ^ where Rf is attached to the carbon or sulfur atom, or Xi and X2 are a direct bond and where 
35 R is independently hydrogen, alkyi of 1 to 6 carbon atoms or hydroxyalkyi of 2 to 6 carbon atoms. 

2. A compound of formula I according to claim 1 where Rf is a straight chain perfluoroalkyi of 2 to 12 carbon 
atoms, E is alk^ene of 2 to 6 carbon atoms, 

— OONHCHiCHz— , — CH2CH2N(CH3)CH2CH2— , — CH2CH2SO2NHCH2CH2— , — CH2CH2OCH2CH2— , 
40 or — SO2NHCH2CH2— . and Xi is — S— , — SO2— or — O— . 

3- A compound according to claim 1 or 2, wherein Rf is a mixture of C4F9, CsFia, CsFiy and 0^0^21- 

4- A compound according to one of claims 1 to 3 of formula 



45 



50 



(^10^21 CH2CH2S02CH2)2C 

^CHgBr 



wherein Rf is perfluoroalkyi of 6 to 12 carbon atoms. 

A compound according to one of claims 1 to 3 of formula 



^CH202C(CH2)7CH3 



55 
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CHo 

(R -C2H4-OCH2)2C^ O 
-J >CH2 . - 

wherein Rf is perfluoroallcyl of 6 to 12 carbon atoms. 

6. A compound according to one of claims 1 to 3 which is 

(CeF^CHgCHgSCHajaP 

7. A compound according to to one of claims 1 to 3 which ia 

CHp 

{C8F,7CH2CH2SCH2)2C 

CHa 

& A compound accoiding to one of claims 1 to 3 which is 

CH, 

(C7Fi6CONHCH2CH2SCI^)2C 

CH2 

9. A compound according to one of daans 1 to 3 which is 

CH, 

(C8Fi7CH2CH2SCH2)2C . 

CH2 



10. A compound according to one of daims 1 to 3 which is 



CH, 

(CF3CH20CH2)2C 

CHa 

11. A compound according to one of daims 1 to 3 which is 

CH, 

(RjCH2CH2SCH2)2C 

CH2 

wherein Rf is a mixture of C4F9, CeFis, CsFir and C10F21. 

12. A compound according to one of daims 1 to 3 which is 

.CH2 



(PjS02N(C2H5)CH2)2C 

CH2 
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wherein Rf is a mixture of C4F9. CeFis, Csf^ and CjqFzi- 

13- A compound according to claim 3 which is 

5 / ^ 

{R^CH2CH20CH2)2C 

CH2 

10 wherein Rf is a mixture of C4F9, CeFis, CsFiT and C|op2i- 

14- Process for preparation of the compounds of fomiulae ! and II according to claim 1 by the reaction of a 
perfluoroalkyl thiol of fomiula RpE-SH, perfluoroalkyi amine of fomiula RrE-N(R)2, perfluoroalkanol of 
fomiula RrE-OH, or a perfluoroalkylsulfonamlde of formula RrS02NHR with a bis-haloallqrl oxetane of 

IS formula 

CH2 
{YCH2)2C^ 

20 

wherein R Is independently hydrogen, alkyi of 1 to 6 carbon atoms or hydroxyalkyi of 2 to 6 carbon atoms 
and Y is Ct, Br. or I. 

25 15. Process according to claim 14, wherein the bis-haloalkyi oxetane is bis-bromomethyl oxetaneof the formula 

CH2 

{BrCH2)2C^ 

30 CHp 

16. A linear polyether having recurring structural units of the fomfiulae 



35 



40 



45 



(CH2-C-CH2O) 

/^-Xr ^^"^ (CH2-C-CH2O) 

I 




aa) X ^ anddla) | | 

I X X 



I I 

II Rf Rf 

Rf Rf 



wherein Rf is a straight chain perfluoroalkyi of 1 to 18 carbon atoms, E is branched or straight chain alkylene 
of 2 to 10 carbon atoms, or said alkylene is intermpted by one to three groups selected from the group 

50 consisting of— NR^.— Q-,— S^^;— SO2— /-CO(>-.--OOC— ,— CONR— ,--4^RC 

and — NRSO2— , or tenninated at the Rf end with — CONR— or — SO2NR— , where Rf is attached to the 
carbon or sulfur atom, or RrE is trifluoroethyl, or for fomiula la, X is — S — , — O — ^ — SO2— , or — NR— , 
and for formula lla, X is — CONR^. — SO2NR— , or a direct bond where Rf is attached to the carbon or 
sulfur atom, and where R is independently hydrogen. alkyI of 1 to 6 carbon atoms or hydro)Qralkyl of 2 to 

55 6 carbon atoms. 

17. Process for preparation of the compounds of formulae la or lla of daim 16 by cationlc polymerization of 
the corresponding oxetane monomer. 
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18. A heteroatom containing Rf-neopentyl compound of the fonnuiae 

5 (ni)(RrE-xcH2)2C ^ or (iv) (Rf-x-CH2)2C^ 

Wherein Rf Is a straight chain perfluoroalkyl of 1 to 18 carbon atoms. E is branched or straight chain alkylene 
10 of 2 to 10 carbon atoms or said allcyiene intenrupted by one to three groups selected from the group 

consisting of — NR--. — O— , — S— . — SO2— . —COO—, — OOC— . — CONR— . — NRCO— , — SO2NR— , 
and— NRSO2— » or terminated at the Rf end with —CONR— or — SO2NR— , where R^ is attached to the 
carbon or sulfur atom, or RpE is trifluoroethyl, and for formula ill, X is — S — , ^-O — , — SO2 — or — NR— , 
orfbrformula IV, X is — CONR—, or — SO2NR— , or a direct bond where Rf is attached to the carbon or 
15 sulftjr atom, and where R Is independently hydrogen, ail^I of 1 to 6 carbon atoms or hydroxyalkyi of 2 to 

6 carbon atoms, and Ti and T2 are independently chloro. bromo or lodo, or where one of Ti and T2 is 
hydroxyl, allcanoyloxy of 2 to 18 carbon atoms, alkenoyloxy of 2 to 18 carbon atoms or benzoyloxy, and 
the other of and Tz Is as defined above. 

20 19. A compound of formula III according to ciaim 18 wherein Rf is perfluoroalkyl of 2 to 12 carbon atoms, E is 
alkylene of 2 to 6 carbon atoms, --CONHCH2CH2— , --CH2CH2N(CH3)CH2CH2— . 
^HzCHaSOaNHCHaCHz— . — CH2CH2OCH2CH2— , or— SO2NHCH2CH2— . and X ls— S— .— SO2— or 

25 20. A compound according to claim 18 wherein Rf is a mbctore of C4F9, CeFia, CaF-u and C10F21- 

21. A compound of formula Hi according to daim 18 wherein Rf is perfluoroalkyl of 6 to 12 carbon atoms, E is 
ethylene and Xis— — . 

30 22- A compound of fonnula ill according to claim 18 wherein Rf is perfluoroalkyl of 8 to 12 carbon atoms, E is 
ethylene and X is — O — w 

23- A compound according to daim 18 wherein one of Ti and T2 is hydroxyl, and the other of Ti and T2 is chloro. 
bromo or iodo. 



35 



24. A compound according to ciaim 18 wherein both of Ti and T2 are chloro, bromo or iodo. 
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(§) Heteroatom containing 3,3-bls perfiuoroallcyl oxetanes and poiyatiiers therefrom. 

@ Heteroatom containing perfluoroalkyl terminated oxetanes of the formula 



(I) 



CH2 /^"^ 
(Rj -E-Xi-CH2)2C(^ or (H) (Rf -X2-CH2)2C^^^O 



CH2 



CH, 



are prepared firom 3,3-dihalogenated oxetanes and thiols of the formula RrE-SH. amines of the formula Rf-E-NH- 
R, alcohols of the fomiula RrE-OH or perfluoro-amides. wherein Rf is a straight chain perfluoroalkyl of 1 to 18 
carbon atoms. 

The reaction products of these fluorinated oxetanes with nucleophiles are disclosed, as are certain functional 
derivatives. These products may serve as intermediates or have utility in their own right. Fluorinated polyethers 
derived therefrom are disclosed and include random or block compositions containing the residue from at least 
one Rf oxetane, containing two perfluoroalkyl hetero groups.e (ucontaining two perfluoroalkyl hetero groups. 

These polyethers provide improved thermal stability and useful low surface energy oil and water repellent 
coatings for textiles, glass, paper, leather and other materials. 
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